CR-1 12249 


A STRUCTURAL DESIGN FOR 
AN EXTERNALLY BLOWN- FLAP (EBF) 
MEDIUM STOL RESEARCH AIRCRAFT 


BY THE 

ADVANCED TRANSPORT TECHNOLOGY ENGINEERING STAFF 

LTV AEROSPACE CORPORATION 
HAMPTON TECHNICAL CENTER 
DECEMBER 29, 1972 



n w 

o h w * 

n o p 
f* w w 

• HP 
— ’ W H I 

MHO 
WWW 
-» W ■ I 
u> w ► ^ 

« W f •* 

n ** w 

ig BHK) 

* 

m ► a so 

n CS~ 

w n w 
w w ■ w 

• w 

-4 W M 

w w r* 


a 


¥»"a 

w h a 


o 

M 


'2 £ 

i 

■ a 
H W 
O M 
H H 

a a 

■ w 


2 3 

n w 


8? 

PS 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
NASA Langley Research Center 
Contract NASI -10900 


s 


K> 

* 


ft 

I 


3 

& 


FOREWARD 


The work described herein was conducted by the 
Hampton Technical Center of LTV Aerospace Corp- 
oration, under NASA Advanced Transport Technol- 
ogy Project Manager, Mr. W. J. Alford, and Tech- 
nical Monitor, Mr. T. F. Bonner, Systems Engi- 
neering Division, NASA Langley Research Center. 

The report was prepared by the Advanced Trans- 
port Technology Engineering Staff under the 
direction of Mr. R. R. Lynch, the Hampton Tech- 
nical Center Advanced Aircraft Technology Manager. 


TABLE OF CONTENTS 


Summary 

Introduction 

Symbols 

Section I. Structure 
Wing 

High Lift Oe vices 
Engine Pylon 
General Arrangement 

Section II Loads 

Static 

Dynamic 

Section III. Stress 

King Box 
Flap Loads 
Flap Structure 
Engine Pylon 
Section IV. Weights 


Page 

1 

2 

3 

6 

6 

6 

7 

8 

18 

18 

18 

44 

44 

44 

45 
103 
117 


pnfCTJDWQ * age btakk hot nun© 


DRAWINGS, FIGURES, AND TABLES 


t 


Section 1. STRUCTURE 

Aircraft Three View PD-Ill -2-021 E.B.F. UASTRAN MODEL 
Wing Box - PD- 111 -2-003 GENERAL ARRANGEMENT WING 

PD-n 1-2-006 STRUCTURAL ARRANGEMENT WING 


High Lift Devices 


Krueger Flaps - Leading edge 


PD-11 1-2-004 


LEADING EDGE - OUTBOARD 
KRUEGER FLAP - CONCEPT 


PD-11 1-2-005 


LEADING EDGE - INBOARD 
KRUEGER FLAP - CONCEPT 


Trailing Edge Flaps 

PD- 111 -2-007 
PD-111-2-010 
PD-11 1-2-011 


Engine Pylon 

PD- 111 -2-008 


r LAP STRUCTURE - T. E. 
T. E. FLAPS AND FLAPRON 
FLAP STRUCTURE - T, E. 


ENGINE PYLON STRUCTURE 


Section II. LOADS 
Static 

Figures II-l through I 1-4 
Dynaml c 

Figures II-5 through 11-16 
Tables II-1 through 11-13 

Section III. STRESS 

Figures 1 1 1-1 through 111-24 
Tables I1I-1 through III-7 


111 


Section IV. WEIGHTS 

PD-111 -2-009 MASS PROPERTIES LAYOUT 
Figures IV-1, IV-2 
Tables IV-1 through IV-9 



SUMMARY 


1 


< 



Recent studies have indicated certain principle high-lift systems 
that appear attractive for application to STOL aircraft. One of 
these Is the externally blown flap (EBF) concept where engine air 
Is directed over the wing and flap. In the design phase, an under- 
standing of the dynamic characteristic of an externally blown flap 
high-lift wing is required. In order to generate a more thorough 
data base, a computer program to predict, by reference to structural 
drawings, the dynamic response of a high-lift STOL wing appears 
essential . 

The primary objective of this report is to provide structural stiff- 
ness, weiqht and loads information to L. R. C. f £ 

1 nto a dynamic model analysis computer program. This data 

is presented in the form of sketches, weight and dynamic 
Information graphs and tables for an external blown, triple-slott.d 
flap, high-lift STOL transport wing. 

The design of a full cantilever wing for an external blown flap (EBF) 
experimental STOL research aircraft was developed to the detail of 
locating major components of the wing such as engine locations, leading 
and trailinq flap panel trim, and spoiler and aileron . 

Major load points were determined and primary structural load paths 
developed. The functional and structural design studies of the major 
components were investigated to assure feasibility and to permit 
structural analysis. 

The structural analysis of the wing box and component parts was con- 
ducted at a preliminary design level. "Smear" analysis method was 
used to compute total cover thickness of wing bending "‘Jterlal and 
arbitrary assumptions of allowable stress and percent effective 
material were applied to account for combined stresses and fj^igue 
considerations. The flap tracks and support structure was sized a 
critical points with the flap in the extended position. 

The engine pylon Is a cantilever beam extending forward of the wing 
and supporting the concentrated load of the engine. Due Jo the 
critical nature of its dynamic response, a more detailed analysis 
Is' presented far the engine pylon. The wing was analyzed fornacele 
total weights, exclusive of the mounts, with the nacelles both rigidly 
and elastically mounted. 

Weight, mass distribution, and moment of inertia data 

in table form and presented pictorial ly by drawing layout. Weight 

data was obtained by three methods: 


1. Actual know weight of components. 

2 . Determined from preliminary stress sizing. 

3. Statistical weight estimating methods. 
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INTRODUCTION 


NASA Is engaged in a concerted effort to provide a firm technology 
foundation for the design, development, fabrication, and operation 
of safe, reliable, quiet, and economical fan-jet STOL transport. 

One phase, design, Is concerned with the dynamic flutter characters 
tics of an external blown flap high-lift wing. 


In order to generate a more thorough data base required by designers 
it is necessary to establish a computer program to predict by 
reference to structural drawings, the dynamic response of a STOL 
wing. 


The primary objective of this report is to supply structural stiff- 
ness, weight, and loads information to L. R. C. for a dynamic model 
analysis computer program. To meet this objective, drawings have 
been developed In sufficient detail to permit stress, dynamic loads 
and weight information graphs and tables to be prepared for an 
external blown, triple-slotted flap, high-lift S™L transport wing. 
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A 

Area, In 2 

Ae 

Area enclosed, in 2 

A1 

Area lower, in 2 

Au 

Area upper, In 2 

B 

Box width, in 

b 

Wing span, feet 

C.G. 

Center of Gravity 

CnCq 

Section normal force, lbs/in 

CmC 2 q 

Section hinge moment, in-lbs/in 

c 

Distance from neutral axis, in 

E 

Modulus of elasticity, lbs/in 2 

El 

Bending stiffness, 1n 2 -lbs 

F 

Force, lbs 

Fs CR 

Shear buckling stress, lbs/in 2 

f 

Stress, 1bs/1n 2 

G 

Load factor or modulus of rigidity, lbs/in 2 depending 
use 

GA 

Shear stiffness, lbs 

GJ 

Torsional stiffness, 1n 2 -lbs 

h 

Height, In 

hz 

Hertz, cycles per second 

I 

Area moment of inertia. In 

IZOi 

lyo, 

Izo 

Mass moment of Inertia, lbs- In about respective axis 

I.D. 

Inside diameter 
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j - vOT 

k 

Ks 

L 

M 

N 


N.S. 


O.D. 


P 

PSI 

q 

R 

S 

T 


Beam- column coefficient, In 
Strouhal factor, for unsteady aerodynamics 
Shear buckling constant 
Length, In 

Bending moment, In-lbs 
Load, lbs/ In 
Normal station, In 
Outside diameter 
Load, lbs 
Stress, 1bs/1n 2 

Shear flow, lbs/in or dynamic pressure, lbs/1n 2 
depending on use 

Reaction load, lbs 

Side load, lbs 

Torque, in-lbs 


Tc Engine thrust, cruise, lbs 

Tm Engine thrust, max, lbs 

t Thickness, in 

Cover thickness lower (smeared), In 

t u Cover thickness upper (smeared), In 

t s -| = AL/2B Thickness of lower skin. In 

t su * Au/2B Thickness of upper skin, In 

V Vertical shear or load, lbs - Velocity in knots in 

Dynamic Loads 


Vi Weight, lbs 

w Uniform load, Ibs/ln 

x Distance of mass from x reference axis, In 

Y Distance from centerline along wing, feet 

y Deflection, In 

o Distance of mass from y reference axis. In 


a 

r,, eta 
xl 

p ■ I/A 

u J 


Angle of attack, degrees 
Fraction of wing semi-span 
Modal amplitude 
Radius of gyration, In 
Circular frequency, radians/sec 


SUBSCRIPTS 


avg 

e 

F 

ult 

tot 

w 

wb 

x,y,z 

N 

H 

V 


Average 

Effective 

Critical speed, flutter speed 

Ultimate 

Total 

Web 

Wing bending 

Rectangular Corteslan coordinates 
Normal - Nacelle, in Dynamic Loads 
Horizontal 
Vertical 


MATHEMATICAL CONVENl IONS 
£ Sum 

> Equal 

+ Plus 

Minus 

x Multiply by 

V" Square root 

+ Plus or minus 


Section I. STRUCTURE 
Wing 

The wing for the exporlmnUl^ * 

m thickness «upercri tl cal alpfollj M afea flf 725 

with a sweep an9l e ° cantilever construction with a 

Ksl&in e Gul fstream .. type 

airframe. The wing consists of: 

a. Main box structure 

b. Leading edge structure (fixed) 

c. Leading edge high-lift flaps (Krueger) 

d. Trailing edge structure (fixed) 

e. Trailing edge high-lift flaps (Tripple slotted) 

f. Spoiler system 

g. Aileron system 

The main (structural) wing box consists of two s ? .rs and 1 an upper and 
lower stringer reinforced skin. The front ^ prQ _ 

and the rear spar at 45/ of the vring as’ intermediate ribs for 

V ciftourcoSl U Jnd *k1n panjl M 1 
engine pylons. 

The wing box Is a "state-of-the-art” 

visions for attachment of ’e’J'^^ LvIces! spoilers, and aileron 
leading and trailing edge high-lift devices, spo machined 

s» ss* swa/s tt fev .«t-B5ta.tt. 

High-Lift Devices 
Leading Edge Krueger Flaps 

Leading edge Krueger flaps were ^^^^J^wIng^Sx^These Inputs 

ssifsrfia is, «!»«« -.•»••• w* 

The flap chords were described as tSi 11 ® n^chord Inboard end 
outboard of the engine pylons •"■ «* of the w ngrtora m ^ ^ 

V' With SSU>. * ’«<»"« ed9e « ct,<m *• 
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drawn and the mechanic*, of an articulated 25 % chord flap was designed 
to retract into the wing forward of the front spar (15% chord). 

In addition, a one piece 15% chord flap was drawn. 

Following a review by NASA, this concept was detailed on drawings 
PD-1 11*2-004 and PD-111-2-005. Actuators and hinge points, as well 
as spanwlse trim lines, were determined utilizing the previously 
established wing box ribs as hard points where possible. This 1 
matlon Is depicted on planform general arrangement drawing PD-111-Z-UQ3. 

Trailing Edge Flaps 

The trailing edge flap system consists of an inboard flap, center flap, 
and outboard flap. Each flap Is made up of three (3) elements and Is 
a triple-slot modified Fowler type. The first and second elements 
are the St. Cyr aerodynamic profile and the third element Is a 
NACA 441? profile modified to match the supercritical wing trailing 

Data supplied by NASA dictated flap element deflections for a landing 
position setting and a take-off position setting with the three (3) 
slots held constant at .015C (see drawing No. PD-11 1-2-01°, flap track 
station 84.90 take-off position, and flap track station 84.90 landing 
position). The third element rotates + 20° as flapron when positioned 
to the landing setting. The .0150 slot remains constant throughout 
the + 20° flapron rotation. 

The flaps translate between retracted and take-off positions with 
a conventional Fowler type motion. However, between landing position 
and take-off position, all flap elements rotate about a common fixed 
point (see drawing No. PD-111-2-010, notes 1 through 4). 

Engine Pylon 

Support of the TF-34 engines is provided by engine pylons cantilevered 
forward of the structural wing box and attached to the front spar. 

The pylon consists of: 

a. Forward engine/pylon mount fitting 

b. Pylon box structure 

c. Rear engine/pylon mount fitting 

d. Upper and lower splice fittings (pylon to wing box) 

Drawing PD-111-2-008 depicts the structural arrangement of the closed 
box pylon. 

The forward engine/pylon mount consists of a machined forged fitting 
attached to the box structure. A thermal expansion link is P™y1J ed 
between this fitting and a spherical bearing supp° r t °n the engine. 

The rear engine/pylon mount Is also a machined forged fitting. An 
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Integral machined pin engages the engine mount for thrust and side 
loads and two stabilizing links resist rotation about the longitudinal 
axis. 

Structural attachment to the wing box Is provided by two upper and 

two lower splice fittings. Upper splice fittings are bathtub type 

with tension bolts. Lower splice fittings transfer load through 

shear Into t h e lower wing skin. f 


General Arrangement 

A three view of the NASA EBF model is depicted on drawing 
PD-111-2-021 . 
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RATED THRUST, LBS. 9.100 

NOMINAL GROSS WEIGHT, LBS. 36,000 

RANGE OF GROSS WEIGHTS , LBS. 43,300 TO 72.600 

NOMINAL 'WING LOADING , LB/FT 1 60 

BANGE OF WING LOADINGS , LB/FT* 60 TO 100 
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Section II. LOADS 
Static 

Cruise Configuration: The wing spanwise load distribution was 

assumed to be represented by an elliptical distribution. The 
spanwise load distribution was then integrated from the tip inboard 
to provide the local shear and bending moment at any given spanwise 
station. The engines, nacelles and pylons were treated as coiicen- 
trated loads. This Information is represented by Figure II-l and 
Figure 11-2. 

High Lift Configuration: The loads acting on the 1 high lift devices 
were established from empirical sources at the 180 knot flight 
condition without blowing. In the absence of more definitive data, 
the spanwise distribution of section normal force and hinge moment 
were 0 ™!^ to vary with chord length. This information is repre- 
serited by Figure II-3 and Figure 1 1-4. 

The loads with the externally blown flap were investigated at a low 
speed flight condition for which there is lirnv 
The results showed that local pressures on the third flap element 
were slightly higher with blowing than were predicted for the high 
speed flight condition. However, total loads were higher for all 
elements in the high speed flight condition. 

Dynamic 

Using the wing geometrical data given on Figures HI-2 and I U-3, 
and the stiffness data given on Figures Iil-l, IIM , in- 19. 

1 1 1 - 20 and 111-21 , and the inertial data shown in Section IV, a finite 

element analysis of the wing was synthesized. ““ d 

to obtain, first, the natural modes of vibration and, ultimately, 

the flutter characteristics. 

The wing was analyzed for nacelle total weights, ex olus1ve of the 
mounts, V 2015 and 3500 pounds, with the nacelles bo $ h jJjj^ y *J d 
elastically attached to the wing; it was a1 ?o a "alyzed without any 
nacelles. All results are for the wing cantilevered from the fuselage 

side. 

Vibration natural frequencies are presented in Tables II-l t0 II ' 5 ‘. . 
These are for the empty wing (contains only residual fuel ). Not 

the vibration frequencies used in the flutter ana1ys i® 5f V or1mary 
since the material would be voluminous and probably not be of primary 

Interest. 

Presented in Table I 1-4 are wing bending natural frequencies f° r tbe 
wing with nacelles elastically attached. The frequencies wer ® ° bbfl i™; d 
from an eight degree-of-freedom, lumped parameter analysis. There 
six deqrees-of- freedom for the wing and one degree-of-freedom for each 
nacelle Mode shapes, along the wing elastic axis, that correspond 
to these frequencies, are shown In Figures II-5 to il-iz. 
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Coupled bending and torsion natural f requencl es , f or the « 1n 9 ^ 
nacelles elastically attached, are presented in Table 1 1-5. Six con 
trol points located on the wing elastic axis with two 
freedom, one in bending and one In torsion, at each con ^ 
were used In a dynamically coupled analysis. Again, one bending 
degree-of- freedom was used for each nacelle. 

Results of a flutter study are presented In Tables H-6 to 11-13 and 
in Figures 11-13 and 11-14. In the tables, k is the Strouhal 
factor and u F is the flutter frequency. All flutter speeds are com- 
puted In terms of true airspeeds. 

The flutter analysis used: 

(1) Subsonic, two dimensional. Incompressible, Theodorsen 
theoretical aerodynamics using strip theory across 
the wing span 

(2) The dynamics of elastically suspended nacelles, with 
no aerodynamics on the nacelles. 

Figures 11-13 and 11-14 show the flutter boundaries f or the wing with 
elastically mounted nacelles. Flutter speeds are Plotted versus the 
ratio of nacelle fundamental bending frequency to the uncoupled 
fundamental bending frequency of the empty win- • ™e points at the 
nacelle-to-wlno bending frequency ratio of Infinity, represent g 
a rigid mounting, are points that were determined in the study. 

However, the dotted line represents a judgment between its two end 

points. 

These flutter results should be compared to those obtained by different 
I^lvses and methods; they should also be corroborated or substantiated 
by tests of wind tunnel dynamic models. If aerodynamic parameters 
from wind tunnel tests are available, It Is recommended that they 
be used In the same program used for this study. 
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I-5-Natural bending mode shape along wing elastlc axls 
STOL wing (empty). « ■ 18 * 49 rad/sec. 




U W 'J •*/*.*>. 


■7 Natural bending node thape along wing atastlc axts 
STOL wlno (enptv) u ■ 68.73 rad/sec. 
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F1qur« II-n Natural bending mode shape along wing elastic axis 
STOL wing (empty). « * 513.1 rad/sec. 























) 


1 


Table II-l 

Uncoupled Natural Frequencies - 
Wing with No Engines 



Mode 

Bending 

rad/sec hz 

Torsion 
rad/sec hz 


1 

24.73 

3.93 

55.55 

8.84 


2 

85.42 

13.59 

105.2 

16.74 


3 

204.5 

32.5 

145.4 

23.1 


4 

425.6 

67.7 

165.4 

26.3 



Table II-2 

Uncoupled Natural Frequencies 
Wing with 2015 lb. Nacelles, 
Attached Rigidly 

- 


Mode 

Bending 

Torsion 


rad/sec 

hz 

rad/sec 

hz 

; 

1 

22.77 

3.62 

21.63 

3.44' 


2 

63.29 

10.07 

51.41 

8.18 


3 

170.3 

27.1 

83.82 

13.34 

- 

4 

284.8 

45.3 

157.6 

25.1 

* 

i 

* 

* 


Table II -3 

Uncoupled Natural Frequencies - 
Wing with 3500 lb. Nacelles, 
Attached Rigidly 

M 

Mode 


Bending 

Torsion 

<* 

* 


rad/sec hz 

rad/sec 

hz 

' : 

1 

21.57 

3.43 

17.14 

2.73 

' C 

2 

3 

56.96 

163.3 

9.06 

26.0 

40.96 

83.0 

6.52 

13.21 


4 

244.3 

38.9 

157.5 

25.1 


0 ‘ 


\ 
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Table II-4 Bending Natural Frequencies - Wing with 
lb. Nacelles. Elastically Attached 



1 

2 

3 

4 

5 

6 

7 

8 


18.49 

35.68 

58.73 

104.9 

218.6 

434.0 

513.1 
1163.3 


2.94 

5.68 

9.35 

16.69 

34.8 

69.1 

81.7 

185.1 



Table II-5 Coupled Natural Frequencies - Wing with 
2015 lb. Nacelles, Elastically Attached 




17.31 
22.50 

41.31 
44.65 
79.38 
97.23 

129.8 

200.2 

261.2 

381.7 

479.4 
517.6 

832.4 
1969.0 


2.75 

3.58 

6.57 

7.11 

12.63 

15.47 

20.7 

31.9 

41.6 

60.7 

76.3 

82.4 
132.5 

313.4 
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Table II-6 STOL Wing Flutter Speeds - With Z0 J 5 

Elastically Mounted on the Wing, Pylon stiffness 
Reduced to 25% of Design Value. 


Altitude 

Fuel 

k 

Wp 

V F 


ft 



rad/sec 

ft /sec 

knots 

1 I* 

0 

10000 

20000 

25000 

30000 

empty 

empty 

.25 

.23 

.20 

.19 

.17 

35.5 

35.3 

35.2 

35.1 

35.1 

613 

662 

759 

795 

891 

363 

392 

449 

471 

528 

O 

10000 

20000 

25000 

30000 

25% 

25% 

.27 

.24 

.21 

.19 

.18 

34.8 

34.7 

34.6 

34.6 

34.6 

556 

624 

711 

785 

828 

329 

369 

421 

465 

490 


0 

10000 

20000 

25000 

30000 



.28 

.25 

.22 

.20 

.18 


34.4 

34.3 

34.3 

34.2 

34.2 


529 313 
592 351 
671 397 
737 436 
818 484 


0 75% 

10000 
20000 
25000 

30000 75% 


.28 34.0 
.25 34.0 
.21 33.9 
.19 33.9 
.18 33.9 


524 310 
587 348 
697 413 
769 455 
812 481 


0 

10000 

20000 

25000 

30000 


100 % 


100 % 


.25 

.22 

.18 

.17 

.15 


33.8 

33.8 

33.7 

33.7 

33.7 


582 

661 

807 

855 

967 


345 

391 

478 

506 

573 




». > 

n 


i _ 



* 


* 
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Table II-7 STOL Wing Flutter Speeds - With 3500 lb. Nacelles, 
Elastically Mounted on the Wing. Pylon stiffness 
Reduced to 25% of Design Value. 


ft 

0 

empty 

.21 

10000 


.19 

20000 


.16 

25000 


.15 

30000 

empty 

.14 


rad/sec 

28.4 

28.1 

28.2 

28.1 

28.1 


ft/sec 


knots 


0 

10000 

20000 

25000 

30000 

25% 

25% 

.22 

.19 

.17 

.16 

.15 

27.9 

27.8 

27.7 

27.6 

27.5 

546 

631 

702 

743 

791 

323 

374 

416 

440 

468 

0 

10000 

20000 

25000 

30000 

50% 

50% 

.23 

.20 

.18 

.16 

.15 

27.5 

27.4 

27.3 

27.3 

27.3 

515 

591 

653 

736 

784 

305 

350 

387 

436 

464 

0 

10000 

20000 

25000 

30000 

75% 

75% 

.23 
,21 
.18 
. '7 
.lb 

27.2 

27.1 

27.1 

27.0 

27.0 

509 

557 

648 

685 

777 

301 

330 

384 

405 

460 

•: 0 

10000 

20000 

25000 

30000 

100% 

100% 

, 2 f . 

.21 

.18 

.17 

.16 

27.0 

26.9 

26.8 

26.8 

26.8 

484 

552 

643 

681 

723 

287 

327 

381 

403 

428 
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Table II-8 


STOL Ulnq Flutter Speeds - With 2015 lb. Nacelles, 
Elastically Mounted on the Wing. Pylon stiffness 
Reduced to 50 % of Design Value. 


0 

10000 

20000 

25000 

30000 


0 

10000 

20000 

25000 

30000 


empty 


empty 


k 

up 

Vp 



rad/sec 

ft/sec _ 

knots 

.33 

.30 

.26 

.25 

.23 

41.0 

41.0 

40.9 

40.9 

40.9 

535 

588 

679 

706 

767 

317 

348 

402 

418 

454 

.34 

.30 

.26 

.24 

.22 

40.6 

40.5 

40.5 

40.5 

40.5 

514 

582 

672 

727 

793 

304 

345 

398 

430 

470 

.26 

.23 

.lb 

.14 

.12 

40.0 

40.0 

30.8 

30.9 
29.4 

663 

749 

887 

952 

1056 

393 

443 

525 

564 

625 

.18 

.16 

.13 

.12 

.11 

29.5 
29.4 
28.0 
27.9 

27.6 

481 
540 * 
635 
683 
738 

418 

469 

552 

593 

641 

.18 

.15 

.13 

.12 

..11 

29.4 

28.4 
28.2 
28.1 
27.9 

703 

816 

936 

1010 

1094 

416 

483 

554 

598 

648 
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Table n-9 |T0i a , h ; KS. 3 wi» b, .K?' 

+« Rn" of Oeslon Value. 


Altitude Fuel 
ft 



rad/sec 


0 

10000 

20000 

25000 

30000 


empty 


empty 


.24 

.22 

.19 

.18 

.17 


32.2 

32.2 

32.2 

32.2 

32.2 


ft/sec 

knots 

578 

342 

631 

374 

730 

432 

770 

456 

815 

483 


0 

10000 

20000 

25000 

30000 


25 % 

"25% 


.29 

.26 

.23 

.22 

.20 


32.0 

32.0 

32.0 

32.0 

32.0 


476 

531 

600 

627 

690 


282 

314 

355 

371 

409 


0 

10000 

20000 

25000 

30000 


50% 

50% 


.33 

.29 

.26 

.24 

.22 


31.8 

31.8 

31.8 

31.8 

31.8 


416 

473 

527 

571 

623 


246 

280 

312 

338 

369 


0 

10000 

20000 

25000 

30000 



.30 

.27 

.23 

.21 

.19 


31.6 

31.6 

31.6 

31.6 

31.6 


310 

344 

404 

442 

488 


269 

299 

351 

384 

424 


0 

10000 

20000 

25000 

30000 


100 % 


100 % 


.21 

.19 

.16 

.14 

.13 


3V;3 

31.3 

31.3 

31.2 

31.2 


438 

484 

575 

656 

706 


381 

420 

499 

570 

613 
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Tahi*> tt in STOL Wlna Flutter Speeds - With 2015 lb. Nacelles, 
Table 11-10 Mounted on the Wfr . Pylon stiffness 

Reduced to 7551 of Design Value. 


Altitude 

ft 

Fuel 

0 

empty 

10000 

20000 

25000 

30000 

empty 

0 

25* 

10000 

20000 

25000 

30000 

25* 

0 

50* 

10000 

20000 

25000 

30000 

50* 


rad/sec 

43.7 

43.7 

43.7 

43.7 

43.6 


43.1 

43.0 

43.0 

43.0 

43.0 


32.2 

31.5 

31.5 

30.1 

29.9 


ft/sec 


knots 


0 

10000 

20000 

25000 

30000 


30.3 

30.3 
28.9 
28.7 

28.4 


0 

10000 

20000 

25000 

30000 


29.9 

28.9 
28.8 

28.7 

26.8 


716 

831 

954 

1030 

1155 
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Table 11-11 STOL King Flutter Speeds - With 3500 .V’^lffnlss’’ 
Elastically Mounted on the Wing. Pylon stiffness 

Reduced to 75% of Design Value. 


ft 

0 

empty 

.25 

10000 


.23 

20000 


.21 

25000 


.20 

30000 

empty 

.19 


rad/sec 

34.3 

34.3 

34.3 

34.3 

34.3 


ft/sec 


0 

25* 

.33 

10000 


.31 

20000 


.28 

25000 


.26 

30000 

25% 

. 24 

0 

50% 

.17 

10000 


.15 

20000 


.13 

25000 


.12 

30000 

50% 

.11 

0 

75% 

.17 

10000 


.15 

20000 


.13 

25000 


.12 

30000 

75% 

.11 


33.8 

33.8 

33.8 

33.8 

33.8 


26.2 

26.0 

25.8 

25.6 

25.4 


0 

10000 

20000 

25000 

30000 


25.8 

24.9 
24.5 
24.3 
24.0 


654 

766 

880 

951 

1033 
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Table 11-12 STOL Wing Flutter Speeds - With 2015 lb. Nacelles, 
Elastically Mounted on the Wing. 


Altitude Fuel k 

ft 


0 

emp 

ty 

.34 

10000 



.32 

20000 



.28 

25000 



.27 

30000 

empty 

.25 

0 

25% 

.28 

10000 



.25 

20000 



.22 

25000 



.20 

30000 

2 

5% 

.18 

0 

5 

)% 

.20 

10000 



.17 

20000 



.14 

25000 



.13 

30000 

50% 

.12 

0 

7 

5% 

.18 

10000 



.16 

20000 



.13 

25000 



.12 

30000 

1 

'5% 

.11 

0 

100% 

.17 

10000 



.15 

20000 



.13 

25000 



.11 

30000 

11 

0% 

.10 


to F 


V F 


rad/sec ft/sec knots 


45.1 

572 

339 

45.1 

45.1 

45.1 

45.1 

608 

694 

720 

778 

360 

411 

426 

461 

44.3 

44.3 

44.3 

683 

764 

868 

404 

452 

514 

44.3 

44.3 

954 

1058 

565 

626 

32.6 

479 

416 

31.7 

30.5 

30.4 

549 

642 

687 

477 

557 

596 

30.1 

738 

641 

30.5 

731 

433 

30.6 

823 

487 

29.2 

967 

573 

29.0 

1041 

616 

28.7 

1126 

667 

42.0 

752 

445 

29.6 

849 

503 

29.4 

976 

578 

27.6 

1084 

642 

27.3 

1176 

696 
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Table 11-13 STOL Wing Flutter Speeds - With 3500 lb. Nacelles, 
Elastically Mounted on the Wing. 


A1 tltude 


ft 



rad/sec 

0 

empty 

.25 

35.5 

10000 


.24 

35.5 

20000 


.23 

35.5 

25000 


.22 

35.5 

30000 

empty 

.20 

35.5 


ft/sec 


knots 


0 

10000 

20000 

25000 

30000 


35.3 

35.3 

35.3 

35.2 

35.2 


0 

50% 

.27 

10000 


.24 

20000 


.22 

25000 


.20 

30000 

50% 

• 18 

0 

75% 

.17 

10000 

1 

.15. 

20000 

I 

.13 

25000 

| 

.11 

30000 

75% 

.10 

0 

100% 

.16 

10000 

i 

.14 

20000 


.12 

25000 


• 1 1 

30000 

100% 

.10 


34.9 

34.9 

34.9 

34.8 

34.8 


26.4 

26.3 

26.1 

25.1 

24.9 


25.4 

25.1 
24.7 

24.5 

24.2 
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Section III. STRESS 

Thu <nrtlon contains the preliminary analyses of the winy box, flaps 

a srs,;sK srs r'g«M.r’' 

load distribution In the box covers is on page 50. 

T he ‘ f 1 g Ir| P on U p a ge* 1 OO 1 " 1 dint 1 f les tte'typlc” actions fo? the Inboard, 
center and outboard flap supports. 

Thft nt/Tnn an?lvsis beains on page 103. Vertical shear stiffness, bending 
and' torsional "stiffness are plotted versus pylon length on 
pages 106, 107, and 108, respectively. 

Mina Box Structure 

The wina box is a sinqle cell box beam of skin-stringer construction. 

Material is aluminum alloy (2024-T3 and 7075-T6). JJetho ,end1 no” tensile 
a nreliminarv design level assuming an allowable bending tens e 

stress iS the S surffee of 50,000 psi. Upper surface wing bending 
arefis based on ? e lower surface area arbitrarily increased 20% to 
account ior a normally higher area due to the upper surface being 
Slina Sitical The allowable stress of 50,000 psi accounts for 
are^out due to holes, combining bending stresses with shear stresses 
and fatigue considerations. 

Resultant bending material determined the bendl ^stiffness. J|J 
ffilsfs? ar Tofiir? S sm b f;”s S based°on 

and the upper and lower skin thicknesses, s J in , t !; 1 ^ n ?® S 5 ! e armater 1 al 
determined by assuming 50% of the bending material to be shear material. 

Flap Loads 

ass® 

carted at the flap supports. Bending moments on the flaps a 

U detemlne the 'Sin ”g«. The bending . nd torslon.i r g d ty 

curves for the flaps are shown on pages 58 and 59, respectively, i 
calculations for the forces and moments are shown on pages 61 th oug 
72, and are summarized on page 60. 

The reactive loads and moments are applied to the flap support beams 
Ind tracks to determine the size of th. cross sections. Bear no 
sizes capable of carrying the required loads influence i"i*i a f 

sizing of the members. The bearing loads applijj ^Js of several 
the beams and tracks are critical. The shape and sizes of several 
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critical cross sections are shown for each section of the flaps. 

In all cases the dimensions, cross sectional areas, moments of 
Inertia of the beams and tracks are varying. In the absence of 
detailed drawings, it should be sufficiently accurate to consider a 
linear variation of properties from section to section. 


flap Structure 

The material of construction for the skin and frames of the flaps 
is 17-7 PH stainless steel. The skins are brazed to a stainless 
steel honeycomb core. The tracks, supports, and 
from 17-4 PH stainless steel. The mechanical properties for these 
materials are referenced in MIL-HDBK-5, and they are reproduced for 
convenience below. 


17-7 PH stainless steel* 
MIL-S-25043 


Sheet 

F tu = 177 KSI 
F ty * 150 KSI 
F cy = 158 KSI 

*1 ^ f/<* T 

1 4 if i 

E * 29.0 x 10 6 PSI 

E c = 30.0 x 10 6 PSI 


17-4 PH Stainless Steel* 
AMS 5643 


Bar 

and Forging 

Ftu 

a 

190 

KSI 

F ty 

a 

170 

KSI 

F cy 

= 

178 

KSI 

F su 

a 

123 

KSI 


E = 29.0 x 10 6 PSI 
E c * 30.0 x 10 6 PSI 

*Room temperature values 


i 
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SPANW1SE DISTRIBUTION OF 
SECTION NORMAL r FORCE 



FRACTION OF WING STRUCTURAL ; SPAN 




PYLON STRUCTURE 


The pylon structure consists of aluminum alloy skin and longerons. The 
four longerons form the corners of the box beam and torque box. The pylon 
is internally stiffened with frames and bulkheads* The skin 9^9^ 

0*070 inches, except for the bottom panel aft of the thrust mount and 
side load fitting which is .080 inch. 

A criteria was established for the outboard engine nacelle under the follow- 
ing conditions: 

1. Flight pull up with roll and 1.5 cruise thrust. 

2. Negative G flight maneuver with 1.5 cruise thrust. 

3. Landing condition, positive G. 

4. Roll condition, 2.5 side 

5. Landing condition, negative G 

6. Takeoff condition, negative G, with 1.5 x maximum thrust. 

7. Engine seizure. 

A summary load sheet is presented showing the distribution of loads applied 
to the nylon at th* front, thrust, vertical, and side mounts. 

Three critical conditions design the pylon structure: 

1 . Landing condition, positive G, designs the lower longerons. 

2. Takeoff condition, negative G, with 1.5 times maximum thrust 
designs the upper longerons. 

3. Engine seizure condition designs the shear panels aft of the 
thrust mount. 
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Section IV. WEIGHTS 

The weight, mass distribution, and moment of Inertia data for the 
STOL wing is based on a combination of structural and deterministic 
estimating methods. 

The following components were evaluated deterministically based on 
preliminary stress sizing. 

Wing Box shell structure 

Trailing edge flap support tracks and carriages 

The engine and nacelle weight is based on the S-3A actual weight data. 
All other component weights were obtained from conventional preliminary 
design statistical weight estimating methods. 

The centred ial locations of the wing components are shown on 
Drawing PD-11 1-2-009 mass properties layout. 

Tables IV~1 through IV-9 are summary tables indicating weights, 
centroid location and inertias of wing and components. 

Figures IV-1 and IV-2 are mass weight distribution plots for the wing 
box and complete wing per side, respectively. 
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